-

A £ _ '
it 720t ARR Aug. 1942

'NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

WAR’I‘IMI* REPORT

ORIGINALLY ISSUED
August 1942 as

Advance Restricted Report
PROCEDURE USED AT ALUMINUM RESEARCH LABORATORIES FOR
DETERMINING TYPE OF ATTACK IN SOME ALUMINUM ALLOYS

By C.]J. Walton and F. Keller
Aluminum Company of America

N IELE f

NACA:

WASHINGTON

NACA WARTIME REPORTS are reprints of papersoriginally issued to provide rapid distribution of
advance research results to an authorized group requiring them for the war effort. They were pre-
viously held under a security status but are now unclassified. Some of these reports were not tech-
nically edited. All have been reproduced without change in order to expedite general distribution.

W-34




NATIONAL, ADVISORY COMMITTEE FOR AERONAUTICS

3 1176 o_1_354 4666

4 e —— -

ADVANCE: RESTRICTED REPORT

PROCEDURE USED AT ALUMINUM RESEARCH LABORATORIES FCR
DETERMINING TYPE OF ATTACK IN SOME ALUMINUM ALLOYS

By C. J. Walton apd F, Keller

SUMMARY

Representative samples of 178-T and 24S~-T aluminum alloys
were subjected to accelerated corrosicon tests 1n which the corro-
sion period was estoblishod at 6 hours for samples that hed been
etched to produce a uniform surface., The results show the types
of corrosion attack, which are described in standard terminclogy,
and mey form a basls for estimating the resistance of the material
tc corrcsion by a comparison of the relative depth and frequency
of the corroslve attacks,

INTRODUCTION

The resistance Lo corrosion and type of corroslon attack for
some aluminum alloys, especlelly 17S~T and 248-T materials, are
checked ordinarily by conductl lng accelercted corrosion tests on
reprosentative samples. The methods vf Lesiing and the teyminology
employed 1in rep-rting tus resulie of such tests have not hereto-
fore been entirel. consistent wvecaise (1) *he same ccrioolcn period
vas nct alwa;8 smpleoyed, (2) svrfacs conditions of the semplos
varied, and (3) thue nomenclature fcr describlng corrcsive attack
was ncot svandardized. Tihe preccedure that 1s reccmmended In the
present paper takes Into account these factors. The corrosion
pericd has been estadllshed at 6 hours for semples whilch have re-
celved a treatment to produce a uniform surface. Resulte cobtalned
with this procedure and repcrted in accordance with the standard
termin-logy shculd be comparable.

Acknowledament 1s due G. W. Wllcox for his skillful photo-
micregraphic work in connection with the developmsnt of this
procedure,




TESTING FROCEDURE

Semples selected for testing should be etched to prcduce a
‘uniform surface condition, !mmersed in the standard scdium chloride-
Lydrogen peroxide solution or 6 howrs and subsequently examined
microscoploally. Detalls or the varicus steps in the procedure
are as follows:

Method cf sampling. - For sheet materilal, samples about 1 by
S inches are sultalls; for rolled and extruded sections, pleces
several inches long shonld be cut, The ends of the rolled and ex-
trided specimens should be ccatel with a mixture cof beeswax and
rosin (approximately S0-50) in oider to avold possible protecticn
of the surface by the more anodic central portion of the specimen
that 1s exposed at the ends.

Surface troatment., ~ Prior to the ccrrosicn test, each speci-

men. should be immersed Ffcr 1 minute In an etching scluticn at ap-
proximately 95° C. 7The soluticn 1s made by adding to distilled
wter 50 milliliters of concentrated nitric acid (70 percont) and

5 milliliters o hydrcflucxic ac'd (48 percent) per liter cof solu-
tlen. A’ter tkls troatmen®, the spocimen should be rinsed 1n dis-
tilled vamter, 'mmorscd Ior 1 minute in coucentrated nltric acid

(70 percent) at ro-m tomporature to remcve any metallic copper

that may have plated ont on the spoclmen, rinsed in distilled water,

and allswved to dry.

The hydroflucrilc acid in the elching solution is gradually used
up by the specimen and ty mosl containers; Horesite-ccated aliminum
beakers should thoretore he used to prevent reavtlon betwoen the
hydrofincric acld and the container. If vy:ex beakers are used,
the actlon of the hjdrofluoric acid cn the beaker can te minimized
by carefully adding the aclid after the water is up to tho desired
tomperature. When the solrtlcon does not contain emough hydro-
fluoric acid, it wlll produce a matte surface. It is advisable,
therefore, always to use & fresh soluticn, A spent solution,
however, can be rejuvenated by the addition of ebout 1 milliliter
of hydrofluoric acld por liter,

If the samples contain an anodic or a chemical coating, such
a coating must be removed befcre the surfece treatment 1s used.
The removal of this coating can ba accompllshed by abrading the
surface with No, 12n Aloxite cloth or by immersing the sample in
agueous soluvlon containing 2 percent chromic acid and 5 percont



phogphoric acld. This solutlon 1s used at a tempere.tm-e' of 85° C,
The perlod of immerasion required depends on the thickness of the
coating but should not hbe unnecesegarily prolonged.

Corrosive mediums, - The solutlon that is used for the corro-

slon teat 1s made ap by adding to distilled water 57 grams of U,S.P.
grade sodimm cl.loride and 10 milliliters of 30 percent hydrogen
peroxide (the grades of hydrogen peroxide that have been found
satisfactory are Merck's Superoxyl and Baker's o,p. grade) per
liter of solution. If only type of atteck is desired, 100 millili-
ters cf 3 percent hydrogen peroxide (the 3 percent hydrogen per=
oxlde usually contains gtabilizers, some of whlch are known to
accelerate corrosion to various degrees) per liter ocan be subw
stltuted for the 30 percent hydrogen peroxide,

Method of exposure, - The specimens should be totally Iim-
mersed in a freshly prepared corrosive solution. If quantitative
resulte for depih of attack are deslred, a standard quantity of
solution should he used per wnit area of surface, Thirty millilil-
ters of solutlon per square inch is tie quantity recomonded.
Ordinarily, when only type of atback is required, the minimum
amount of solution should bg 250 nilliliters.

I mcre than one specimen is exposed In the same contalner,
the spocimens shculd be electrically insulated from each other,
preierably suspenied ron glass rods wltlh porcelain separators cr
Buspended Ffrom glass hooks.

The typo of attack is substantially Independent of the tem-
perature of tle soluticn bult the oxtent of corrosion is not, More
consletent results with regnrd to depth of attack will be obtalned
1f the corrosion tes“s are conducted at a ccnstant tempsrature;
for example, at 30° C. It is permissible, however, tc conduct
tests at room temperature provided that a record is kept of tem-
peratures at which the tests are made.

Exposure time. -~ A periocd of 24 hours had previously been
employed but tests have shown that, because of the consumption
of the hydrogen peroxide, the corrosion rate decreases rather
rapldly after the first 6 to 8 hours of exposure. A period of
1 hour conserves time-and is sufficient if only the type of attack
18 to be dotermined but, 1f both the type and the extent of cor-
roslon ayre -tc: be obtained, a 6~hour period is recommended.




In the ocnse of thin samples (0.020 in. or less) from slowly
quenched material, & 6-howr exposure might be too drastic. In
such capes, a l-hour exposure is adviasable.

Microscopic examination. - Representative croos sections ocut
from the corrocded samples should be prepared for mlcroscopic exom-
ination in accordance wit: recammended practices (references 1, 2,
and 3). Thess oxaminations shoald he made at magnifications of
100 to 500 dlamebers. In the case of sheot, rod, and tublng, at
leust three sections sliould be examined, Fo: rollod or extrudsd
sectlons o:i complicated shapee, at least one sectlion should be
oxamined from each thlckness of materisml represented in ti:e ehape.

In general, after an inltial examinntion, 1t 1s advisabdle to
etch tho specimons to develop the microsiructure in order that the
rolation of corroeive attack to microstructural characteristlos
18 established, The etchant that 1s recommended for duralumin-
type alleye contalns 1.C millillter concentrated hydrofluoric
acid, 1.5 milliliters ccncentrated hydrcchloric acid, 2.5 milli-
liteis concentrated nltric acld, and 95,0 mllliliters of dis-
tilled wvatsr. The etching 1s accampllehed by lmmorsing the
specimen, poliskod surfaco up, Tor a period of 10 to 20 seconds
in a fresily propared solutlon at oom temporature. The spoci-
men 1s tren washod froe of the acid in a strean of warm (not
hot) rucming wator and blown ary.

TERMIROLOGY

The terminologr for expressing the various types. of corrosive
attack.ls glvon in table I, This table also rofers to the photo-
micrograpie tlat were haken to 1llustratu the differont types of
attack i1hat might be encountored in studying corroded wrough
aluminmm alloys.

The terminology selected is an outgrowth of much work on
material suhlecied to bolh accelernted tests and natural onviron-
merts ard sbould su Tlco o descrite most of the types of attack
oriinarily, encowtoered in wrought aluminum alloys,

Two t)pes of corroslve attack that are somotimes obsorved in
forged or ex"ruded raiorials are includod in this terminology -
namoly, interlendrltic ard intorfragmontary. Intsrdendritic at-
tack is enco.ntered 1a wrought matcrial in which the original
dendritio strncturo had nct been thoroughly broken up by tiie
werking operations. Under these circumstances, the corrosive



attack may follow the arms of the dendrites, Interfragmentary
attack is encountered in wrougkt material in vhich the fragmenta-
tlon of the grains prcduced by the working operations had not
heen eliminated by recrystallization during Bu‘bsequent thermal
treatments,

DISCUSEION OF NESUETS

These methods have been developed in order to obtain an ap-
proximato 1dea of the resistance to corrosion of difforent samples
without resorting to the mechanicial teating of corroded eemples.
If the methods described pxo closely Pellowed, the comparative
resigtance to ocyrosion of differsng lots of mteria.l may be
estimated by comparing the reladtwe dopth and the frequemoy of the
corrosive attack, The fact that some semples may show areas of
sligiit intergranvlar attack doee not mean necessgrily that the
- reglatance t6 corrosion will he adversoly affected.

The recommended procedure Tor determIning the type of core
rosion atiack in dwralumin-type alloys wlll give only & rough
measure of the resigtance of the materiel to corrosion. This
pirocedure is nct intended €0 supplapt the acocelerated alternate-
immeraion test (reference 4) and the shandard salt-spray test
(reference 5). A reliable evaluatlon of the resistance of
duralumin-type al®o;s8 to corrosion requires the mechanical test-
ing of corroded samples and the determination of changes in
mechanical pr-perties In camparison wlth uncorroded samples of
the same materiml.

Aluminum Research Lauoratorins,
Alwminum Company of Amoxrilca,
New Kensington, Pa.
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TABLE I

TRRKINCL.OGY YOR EXPRESSING EBSULTS OF A MICBOSCOPIC EXAMINATION OF CORRODED SPECINENS

Mgure

Type of attack | Symbol m“h"i"cizf Remarks

attack

Pitting P 1,2 The attack progresses irrespective of grains end grain boundarles.

Undermining UP 3 The attack spreeds out to a marked extent beneath the surface of
pltting the metal. On certaln cross sections, therefore, the channel

leading from the surface to the body of the pit might not be vie-
ible. This type of attack is frequently associated with simple
pitting.

Pitting with P+ SI| 4 Specimens with this type of attack show only very shallow inter-
slight inter- gramalar attack, usually in the form of short stringers. There
granular should be no well-developed intergranular network.

Separate areas | P + I) Although meny specimens exhibiting these types of attack have
of pitting 1+P) been studied, separate areas of distinct pitting and inter-
and definite granular attack are seldom sufficlently close to each other. to
intergranular, be shown in one photomicrogrsph.
with predomi-
nating type
nemed first

Definite inter- I 5,6, Occasional areas of definite pitting attack are disregarded if
granular 7.8 the intergranular attack is by far the predominant type.

Exfoliation Exf.| 9 This type of attack refers to the condltion in which there has

developed definite scaling or lifting of surface layers of
metal. Ixfoliation can result from differemt types of attack -
intergranular, undermining pitting, or attack along certain
planes, especially in cmld-worked materlal. The corrosion:
products have a greater volume than the metal from which they
are formed, and therefore 11ft the overlylng layer.




TABLE I (Contimued)

Flgure
showing Remarks
Type of attack | Symbol typlcel
attack
Interdendritic ID 10 This type results from attack that progresses around the
dendrite arms. Certain portions of large forged or ex-
truded sections still exhibit a definite demdritioc
structure, and are sometimes susceptible to interden~
dritic attack (fig. 10). In other cases, such zones
might be susceptible to only an intergremular (I) type
of attack (fig. 8).
Interfragmen- ¥ 11 Interfragmentaery attack refers to the type of attack ob-
tery tained when corrosion extends along fragment boundaries

in unrecrystallized areas usually found in certaln re-
glone of large forged or extruded sectlons.

Note.~ Asterisks are to be employed with symbols to indicete any unusual degree of

-I attack that requires a more detailed description in a footnote.
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Figure 3.~ Pitting
type of edge at-
tack in 24S-T alu-
miuum-alloy tubing,

specimen 45974.
Magnification, 100
diameters.

Figs. la,l1b,3

(a) Magnification,
o 100 diameters.
(b) Magnification,

500 diameters.

Figure la,b.- Pit-

ting attack in
84S-T aluminum-
alloy sheet, speci-
men 43870-6.
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(a) Magnification,
100 diameters.
(b) Magnification,
500 diameters.

Figure 4a,b.- Pit-
ting with slight
intergranular at-
tack in 24S-T alu-
minum-alloy sheet,
specimen 43873-5.

Figs. 3,4a,4b

Figure 3.- Under-
mining pitting
attack in 24S-T
alumipum-alloy
tubing, specimen
45974. Magnifica-

.tion, 100 diameters.




Figure 6.- Inter-
granular attack,
which may in cer-
tain environments
cause exfoliation,
in 248-T aluminum-
alloy tubing, spec-
imen 45973. Magni-
fication, 100
diameters.

Figs. 5a,5b,6

(a) Magnification,
100 diameters.
(b) Magnification,
500 diameters.

Figure 5a,b.- Inter-
granular attack in
248-T aluminum-alloy
sheet, specimen

43879-5.




Figure 8.~ Inter-
granular attack in a
zone s8till exhibiting
a dendritic structure
in extruded <4S-T alu-
minum alloy, specimen
36990-4. Magnification,
100 diameters.

Figs. 7,8,9

Figure 7.- Inter-
granular type of
edge attack in
24S-T aluminum-
alloy tubing, spec-
imen 45973.. Magni-
fication, 100
diameters,

L

diameters.

v

Figure 9.- Exfoliation attack in extruded <24S-T aluminum
alloy, specimen 32027. Magnification, 10



NACA ' Figs. 10,11

Figure 10.- Interdendritic attack in extruded
24S-T aluminum alloy, specimen
36989-1. Magnification, 100 diameters.

Figure 1ll.- Interfragmentary attack in extruded
24S-T aluminum alloy, specimen
26076. Magnification, 100 diameters.
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